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THE EFFECT OF SPLIT TRAILING-I!!DGE WING FLAPS ON —

THE AERODYNAMIC CHARACTERISTICS OF A PARASOL MONOPLANE

By Rudolf N. Wallace

SUMMARY

This paper presents the results of tests conducted in
the N.A.C,A, full-scale wind tunnel on a Fairchild F-22

a
—;

airplane equipped with a special wing having split trailing-
edge flaps. The flaps extendefl over the outer 90 pertien~

—*

of the wing span, and were of the fixed-b-inge” “type having a “-
-----

width equal to 20 percent of the wing chord.
...2

The results show that with a flap setting of 590 the
maximum lift of the wing was increased 42 percent, .a-gdthat
the flaps increased the range of available gliding angies
froin 2.7° to 7.Oo. De-flection of” the split fkps did not
increase the stalling angle or seriously affect the longi-
tudinal baiance of the airplane. With flaps d-own”the land-
ing speed of the airplane is decreased, but the talc-ulated
clim-~ and level-flight performance is inferior to that with
the normal wing. Calculations indicate that tke- ~~e:of”~
distance required to clear an obstacle 100 feet high–ig not
affected ky flap settings from @to 20° hut is greatly in-
creased by larger flap angles.

.— -- --4

. .

II?TRODUCTIOH .=-M

Considerable attention has recer.tly been directed to
the use of split trailing-edge wing flaps as a device for
reducing the landing run and increasi~.g the gliding e.n~le
of airplanes. As a part of its general research Yyograrn
dealin~ with hi6h lift devices, the National Advisory ‘-- ‘
Committee for Aeronautics has conducted comprehensive motel
tests in the 7 by 10 foot wind tunnel on split trailing-
edge flaps (reference l), and is now conducting full-scale
investigations of this device on a Fairchild “F-22 pa?a”so~”
monoplane. ._.. -
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This ‘~aper”Fre S”e-~ts the” “resu~t”s’o-f-~t-ests conducted
in the N.A. C.A, fall-scale wind tunnel to determine the
aerodynamic .ch.aracterf~tic~, Of the Fairchild T-22 airplane
when equ’ippe’dwith” a special wing having spli$ trailing-
I;dge f~ps. ex.t.:endi,ngov er 90 p~r,cent of the sp_a=q~ The
flaps ‘k%&&”hinge-d at ‘theii for””i{arda-dg-eand riad ~ ‘w-~d~h–
~qual to 2G percent of the wing chord. Absolute coeffi-
cients of lift, drag ,–~-n”dpitching. rnome-ntwere determined
for flap settings ranging from neutral, or closed, posi-
tion to- a maximum downward defl~ctio~ of 59°, and from tho
an~le of attack for zero lift ‘to beyond the stall. Al 1
‘reB%e ‘WQT co~lducted both with the h~rizontal. tail surfaces
in pla.c.eand tith them. removed. . ,=, -.

.; : .-!;=-=,- -;-:. .. . -.-=..,-. --:~-----.=-...!-s :-%:, 4< Y*-*7= .+?=

*7. - *. =. .=.. . . . .

“A=ppA”fi”~u~ :“ :-. ‘.. -., -= .-.,, , =: ---

,. ~m,”..-.,u-= . . .-- ..= .A - . ,. 4.-.
.

,i-# .-u

-. .-.,. ● ~.”-. m .-+ ~- ... .

A5.~ane. - The Yairchild T-22 is a small o~en 2-place-,- ——-
parasol. ,uopQY_lane..pove_r.edwitti_an inverted. _CirryLsair-
cooled eagin.e. A ;3-view drawing 0$ the airpltifi-eis- sQown
on figllr-e:1 ? ~nd ~~~~ ~-r~i>c”i~al. ‘char”acie~r~i.sti cA” o“f” tj~e a“i”r-

plan~= /is=‘t’estif3-&areL g i-yen ‘in_$a~lf3 “-i~r-. -“ ‘- - ~- ~ -.:—.

.“ Sl?:~ial wipgo.- ~he wing is of conventional wood and
fatr ic’-5d%stru”cji-on“w-it-ha ~{~an of: 30 .fo@ ~au-d=”a“chord ~
af 6“6 :lfi-~-h~~-.-

-.=.
The ‘sheet-metal’ 3?lapS ha; e a width equal to

20 per{i-e~-t–fi “th~:Ting chord and extend over the outer 90
percent lof t&_ Iriag “:6-5miSpRg. .Tti_e.yare g~.erat%d from the
rear co”:c-~i~‘t”~r.ough”a“’sy-stem of gears an-d bell Crank6 ,
and haver a na%””imumdown deflect ion of 5W froirn-~hs :1._Qged
posit ioil.” “Fj.g&re’:2 ~h~~~ “a”~-e-c~-i-o-n~~- ~h-e-”~.gecial ~ ing-‘w-
ith th~ flays” and upper-surface aileron~; f“igure 3 is–a
photograph of the Fairchild T-22 with wing flaps in full-
dowu PC) S i t“io-n-. The izpp6r-surface ailerons ‘were”--lockedin
zero position for all tests. ..

< .-!‘. T-E-ST% ‘- ”-”--------------. ..-. . .
,.l . ..-

... .-. .----,. . . . .=- ->
* .-Y . . . . - -- “: ‘m

. . -.

.

-.. . . ..--. . . m-- ----- .... . .. . . ..-

!l?emt~~w~r-e-c~nd.uc~”ed o<er a% angle- of-at”t”ack ra~ge .
from zero lift to beyond the stall, with the flaps set at
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0° ,;l -209”, +3*’, “and 59° down from the neutral position. The
a.irp.l~e..was .t.e.sted bo th wi”th the horizontal tai1 sur”f”ac-es
“-r”emo,v.d.&.ah’&””with,the e>ev’ator and stabilizer set a“t O“ to..-.T.-—_-.==
th::‘t’hr:ust ax~s. Four’all tests the” ai”rplang was set at Oo
in roll and yaw, the rudder was Jocked at 0° to the fi”n,
and the propeller was locked in” a v-@rtical position..—

. . .- .., . “..:--
The. tests were made”““ata ‘~yri-m-~c:-p~e’s~u-~~-‘“~+“~a~prQ”~i_-

ma~ely 8 ‘pounds per square foot, corresponding at st~-dard
sea-level conditions to a velocity” of !56 miles “p&r-%-o”ur‘and
to a Reynolds Number of 2,880 ”,000, btised on the wing chord.,.

,,,
~ orthe ‘-co”mpu”t”~tion of pi-t~hing- ‘rn~me-fi~-~,‘a ce–nter-of-

gravity position was determined with a 140-p P.und m-an i-nlihe
..rear cockpit -d 15 gallons of gasoline in”‘~lie-f-uel‘tank .-.. .. -,.., e----.,:.:....> ...-_”_ .—— —L.- ___,’

....- .-.,.

RESULTS -AITI)‘DISCUSSION “::;“ -- = : ‘ -

The results of these tests have been cazj?ectqd _for
.wind-tunnel effects and are presented in .curyq form_”Qn
figurehs 5 to 9, inclusive . l?igures: 5 atiil6 sIiow cornp”ar~=
tive curves of CL, CD ,“‘“&l’id~m-” p~oi’ted ““agd~ns~ angle of ..
attack of the thrust” axis for the four flap angle-s teste-
d. The curves on figure 5 are for ““thecondition with the
horizontal tail surfaces set at O“” t“o’the “thr-ust“axis, and
those on figure 6 are for the: condition with the horizontal
tail surf aces remove-d. A comparison of the curves on fig-
ures 5 and 6 gives t:le lift, drag, - and pitching mo-me~n~,pro-
duced by the horizontal ‘tail surfaces. I?i&ure 7 “~”fves-,the
values of CLma.xs gliding ‘angle, and gliding velocities

as a function of flap setting. In -the computation of- t“h-~se-
values, the lift, ”as measured with. zero tail -p~ane setting,
was corrected for the tail piano forces required to balance
the airplane in flight ,

..

The eff~ct of flap deflection on the lift character-
istics of. the Fairchild F-22 airplane is showq o-n figure 5.
As the flaps were depressed, the” curves df CL- moved to
the left on the scale of angle of attack IJZt maintained
practically a constant slope. Zero lift t.herefoii occml%ed
at progressively greater negatifi-e‘angles$ and highe~ v-a~u”es “
of CLmax were reached at the same stalling ~gl. e____A max-
imum lift coefficient of 2.09 was obtained. with a flap s.e,t-
ting of 590,- which represents an in-crease of 42 percent
over the maximum lift coefficient of Z.47 for the “wing”-with
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,,,flaps-dlosedi.- ‘-The curve ”’~f“-eLP1ax “’a~af~i~ fiap ang,~+~,;.

shown ”bti figuy-~ 7; indicat&s t-li~t.lla~ setti~.s””greiter:.than
59° ~cfild.g~vs”little”further increase in maximum -lift~,
Th~s iiid.ica.tion is ~n agre,em’ent w,ith the.”res~l-~s gf:tfiq,.
model “t=st’s- ‘re-po:rtedin reference ~ .*- . .....-.,. --- ---.:....>, -:.—- -=:-.”

,..’.,, The eff e“c;~.Qf..f~.ap”set.$irig._on..the d_~ag,~haracte.rrts.$Ice
o-f th’e’~ai-rqfi,ildY-22, airi~’larieis”‘.shGw~ by ~hf3 drag .“CfirV.eB
‘on fi’gtire5~, .

..-.-.’.... .. . ...... .,. :...-.... ......
....-.’.... , . ...-

,,:- .. “..:. -..!. ...---- -.-:-- ----- --=
..

A“ d“omp-ari~ori,of the r.elat~ve eff icien.cy ‘of.the”normal
wing and .fhe “~lng with- “flaps ,dQ?m can .be‘made’on the ba.els
of the s?,etiti-raigo““cr.it..er.?ok’.CLmaX~CD&n. It is ewident.,
‘that th”is function varies directly with the value of cLmax,
inasmuch as the minimum drag of the gorm~l wing is available
at all—times. The u50 of flapw ‘therefore increased the val-
ue of /-‘“CLmax bDmin by 42 percent.

.. .-.
The .-$”f’~.+ct ““&f’“flips ““”0~,“~11e,c“~~rnbRgd t.a”k~~.~f“f.ix the

airplane is .91io”wnon’.f“igu~es 8 and 9. X’i”gure8 pr”eseqts
C.:lrvesof..:~,~~“Power ~vail~able and th”e F~owex req~tred at the
four ~lap angl~s~tested. The p“ovier“av~+la~le .Was.calFU~at-
ed from the sngine-pro~eller chaiacterist”ics ofla. Cirrus
engi”ne~ .,~ated.~95,llorbe~ow-er at 2~lC)0 r.p.”m”~, and a .?orrnal
fix~@-pit Eh: p~dpellek’, ” “rhese p~T-f~~Ll~nC’ecur Ve6’ s~o”w.that
.t~e Climb 2na~:.16ti&l-fright peiforma.acb of-the a~rplane” is
..greatly “re”duced by””dept~ising the flaps. Ritli the as~umed
ilorsepOwgr av&il_able, the-rn&xhititi.~ate of climb Is ,dqcr&ised
from 450 fe~t pdi”mi~ute tiith’the flaps cloee# to .30~,?.ee!.
per mi,tiUt~e..wit.li$~e flips iiow”ti59°1

..

,.,’”.”-” .:,”. --,.: ---- l.. ..--:,... ~.“.
,. .,

TILe”effect .o’fflap: Sd@tf%:; ou th~ “.c~~c-ul.ate-dti~k&of-f
charact=r”istics OF t-he.:~ai.rdffild ~F-22 “airplane is s“ho-wrio“n
Tigure V9; Th-e curve of t&e-off ~u~ r“e~ui~ed to reach ~
velocit,y 5 mj.~es er hour ‘above mihi@n .i~eed ~%dicates that
the air,plan~ ,WOU1% ~qnire’ thk shortest ground run with the
flaPs .i.epr~ssed ap:proxima”tely ,S7-0. With fl””ap~ngles ‘le~s

‘ than 2’iQ the :grounil run would .be‘increased beta-:~s:eof the
high y510cities which r~ust he r,oached before :the airplane
,:;ains:fly,ing Sp-8ed, aiid Wi@t.hflap “angles “greatsr than 27Q
tke -le:z~th cf. ground run is 1 ikcwise tncre~~~d :“becavs.oo“f,-
high d:~aq “an-dc.o~-~”equ?ntpoor .acc,<l~rat.i-o-~~~ .“.}- y+:-:~.r “.:,. .-..-... -&.a&.’:...::<.“;..;._a.””:.Z

I“b-ip oj?teg .~~g~ps:s.a~yr”””d-ay~~~.,~;.t.e-ke-mf~”%0 ;cJnBid.er
,np,t”o“nly .tk& I=n.gth. of. ground run but .ale.o’the. dlst_auce re-
‘quired :*Q. ~iear an.obstacle. OrI fi”gure El“is“showrithe total

,. --.&..
.. -.---:. .:*E.
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horizontal distance r’t?quired“with differetit “flay eet.tings
to clear an obstacle 100 feet high: This distance Incluties
the ground-run required to reach the speed ‘for .b.est‘a’ngZte
of climb, the distance covered du-ring thep6r.ibd o-K transi-
tion from ground run to flight a$titude, and the horizontal

—

distance required. to climb 100 feet at the-best “arigle-of
c1imb.. The determining factor for the total distance re-
quired to clear an obstacle of such height $s the angle Gf
climb rat”ner than the length of ground run. ~l+is distance

-remains approximately the same for f~ap deflecticfi”~-’to —
.~oo, hit increases “rapidly at largeii flap an-gles %ecaus&stif

‘~~.thereduced angle of gl.imh. -:+...:; .. :--- -“ :%- y---.--:- .;= T:,. ..-—:‘,
Oue of the” most ‘important .applications.of thesp.lit

tratling-ed~e wing flaps:-’is”their.use as ci &e%ice for in-
creasing the available “range o-f gliding an.gleand reducing
,the landing run. As aerodynamic ‘design progresses and <fr- —
plane lines are improved, .wifh resultant i~crease in LID
ratios, it becomes. idcrea~i~gly: important t.ohav-e g~-”form
df air brake available for stee~ening the gliding angle in
landing. -If the braking device affords g~ea$er I.\ft, a=
well as a reduction in the L/D rat’ioi its value is furfier
enhanced because of the resultant reduction in velocity a-
long the flight path. On figure 7 are ehown curves of mtai-
mum gliding angle and gl$d%fig-”~ii~~ at Maximum l’Ift for t%e

.

Fairchild F-22 airplaue as a ‘function of flap angle. With
the flaps closed, the gliding-angle range is from 7“.70 “to
10.40, whereas. with the flaps full-down the ~~id~ng angl-e
at maximum lift reacheg a value’nf 14.70.. It is therefore
possible with the split trailing-edge-wing flaps to ob~ai~a
any gliding angle from 7.7° to 14.70, a total range OF 7.0°,

.as compa:?d tq arang.e of gliding angles available with the
nornal wing of 2.7°. The ~esu~tant ~o+izo~tal ~~d’vertical
velocities for a glide at maximum l~ft are-also “s%~w”n oh .

figure 7. The.~oriqon~al velocity, or landing speed, is re-
duced from:,51.C).miles per hour with the normal wing to 41.9
m:les per hour with full-flap deflection. This rednction in
landing spqetL,i.,saccompani.ed by a sli.ght..tncreas~..in VR~ti-
Cal velogity.. , --

In the considerattQn of any dev~ce that materially al-
ters the lift. and drag charact.eris~ics of ati airplane? it
is ircportan.t to determine its effect upon longitudinal sta-
bility. For this purpose pitohing moment-s have been Compute-
d for all flap angles tested, and are shown dn figure 5

plotted a~~inst angle of attack... Ia g~ne~al~ depressing
the f~~~~ yesnlted in increased sta>i~ity,,the greatest
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effe”&t-‘ocCu.ti&in.g.at. hi,~h. angles ‘of’“it~’a.c,k~wh”er; the “diving
moment wa~ mat Ori’ally increased. !I’ti”is;iatir@ai’e. in ‘ne-gat ?.ve

pitching -mo~ent would ,..equire ~rea-~- ti.ai.l-.pl”an-eforces to
‘triti‘the airplane, but from. a cons idtiration~of the pitching
]Ttomentsproduced b“y the presen”t “horizoht.al tqil su”rfnce.s on
tlie l?ai’rchild T-22 ‘air-plane, tiiere should %.6 rio’Serious dif-
fj.cu~ty in obta;,ning balai~c~ at ajl” anglea Of attack and at
all “<Lap settings. ,. . . . .- .. ”’; ..~:.,... -,:.

..’ . _-z.~... ..... .~’-”...”.’”.
‘rhe”effect of ,flap ,&etti~g”-on the’p~ttihin ~mornents of

the wing is shown on figure 6, wtie~e.pitching-moment coef+
ficieuts for t-he Fairchild T-22 -air’plane ar~”plot%ed agaiast
angle ‘of attack. ‘as.’d~t”erm}ned .wit.b the. horizontal tail sur-
fices rwmoved, For th,fs co.n”ditiori‘the e?f,ec~ of tail-plane
officii~cy”;,afid’var.ia.tion .in.d’o~nyash with. cba-ngp in flap
aug.le wa= “e”l”~liina:ted~and -the.results rcorg truly indicate
the charact”etiistics Qfl the “wi”6~alone. “,-Tlie pitching-moment
curve s””for Lhe:ftail:-off con.~it.ion q.how ttiat the flaps in-
creasc:&.th&”negatf”v-evalue of. Cm 5% hi”gh “angles of dttack,
as wns ‘tha’ case for the gomplete “airpla-ne. Frantically all
of th’~!~hange “in”pitching moment occurred during the first
20°. dl)prtis”sion “of the. flaps ~- .... .,

. .. .,’.. . ,....-: .-—.. ...
.. ---- -—

,, CON~LUSIO,NS ““ ‘ ~
... .~:. ‘..-.. ---- ...“- -.

,.
i,,

1. Split trail ing- edgo wing” fjaps Incre.stied “the valuo
of c~max “-TOr tlie F’airch~ld “X-22 airpl An6” from 1,47 to

2.0s,. or. 42 percent . .. .-.

2; The angle ”of-maximum’ lift, orst-+ll~gg &gle, remained
constsnt. fo~ all flap settings. - .

. .
.-,.

3;’‘N?~;a”~ive~i;ching moment; ~ere inc; eased ”with flap
acflect ion at high’ angles of attack, bv.~”...the change in mO -
mont wa”s not “gre&t” enough to prgve~t the. attainment of lofi-
gitudiual Ilalance. The greatest change in ‘pitching moments
occurred in th,e range tettveen O and 20° flap depression..,

4. Th? ,giidig~ al?gls at maximum lift was increased from
3@.4° Fo 14..70, and_”t~S ~~nge between mi~imum gliding angle
and th’5””@la’@i” a=~le at maximum Ilft wae iutireased from
2.-7° ti ?-:5B’: ‘- ..
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with the flaps fvllydeflect~d. “

5. The calculated rate-of-climb and level-flight per-
formance of the’ airplane with fleps depressed was markedly
inferior to that with the

.. .—
flaps closed. -

—.-. -.

‘7. The calculated take-off distance rq~uired by the
airplane to clear an o%stacle 100 feet high gas approxi-
mately t-ne same for flap angles form OOto 20 , hut wa’s -
greatly increased for larger flap angles. .-..

.——

Langley Memor5.al Aeronautical Laboratory,
~Tation~l Advisory Committee for Aeronaut iC8, “ ..

Langley Field, Vs., August, 15, 1933.
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-,... .,TABLE I
+.=

-,.

Characteristics o~the i?airchild F-22... , ,.,.. .:

Airplanc”with Special Wing

-a-. -,

‘.
. .

--,

. . . . .. . .

Weight. (.includtng 140 lb. in rear —..
cockpit and 15 gal. gasoline) 1,457 lb.

N-22 .. .,.—
_.: -=-

162 Bq.ft. g : q.li
.-Wing area, i.ncludin~ ailerons

15.8 sq.ft.
.—.— ——.

“lo.i-i”q.ft. -.—.-_.—
w

4.1 6q.f.t.
.. -.—— -—

.
S.o Sq.ft.

.. .
. ~“30 ft.“.?ing Sgan

Wing choi”d. ““, ....

—— ..:
. . . E fi.”6 lti.””

,,
g,~oAagle of’ wing setting

Dihedral ““

. .
__ ——..- .-

3.0”0 :“

Statiilizer angle to thrust axis

3ievator angle to thrust axie

Distance back from leading edge

—. ——.

to C.g. 1 ft. ii-1/$ in.

Distance tielow thrust axis to e.g. 5/8 in,

Distanco from e.g. to elevator hinge 13.23 ft.

. ..—

~..: --.=
.. ~, ,..-. _ ---

c+ ,Mi ,wst. .b~77 .(?7!7 -,.,-- - ...-
--

~.- ., i<..~+,
r-.

. .. . .. -,-..

..: . ;
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Figure 6.-Lift,drag,and pitching-moment curves for the Fairchild
~-22 airplane with splittrailing-edge wing flaps.
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